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HISTOCHEMICAL STUDY OF A CASE OF LIPOID PROTEINOSIS*
MARGARET GRAY WOOD, M.D., FREDERICK URBACH, M.D.-f
AND HERMAN BEERMAN, M.D.
Lipoid proteinosis is a rare disturbance of the local lipid metabolism of the
skin and mucous membranes (1). It is characterized by early involvement of the
mucous membranes and by the later appearance of infiltrative plaques and
nodular and hyperkeratotic masses in the skin. Hoarseness developing in infancy
due to involvement of the vocal cords is a constant finding. There may be con-
current anomalies of the hair (alopecia and poliosis) and of dentition (hypoplasia
or aplasia of the lateral superior incisors). The course is benign unless extensive
involvement results in respiratory difficulty. Association with diabetes mellitus,
consanguinity of parents and a familial tendency have been reported.
The mucosal lesions consist of raised, yellowish white, diffuse or nodular
infiltrations on the gums, the floor of the mouth, uvula, soft palate, epiglottis
and vocal cords. The tongue acquires an increased and wood]ike firmness and
its motility is impaired. There may be extensive involvement of the tonsils and
pharyngeal area.
An eruption of discrete or confluent round yellowish white papules is found
on the skin and involves most commonly the margins of the eyelids, the face,
nape of the neck, and dorsa of the hands and fingers. Bullous, pustular and
crusting lesions occur. According to the extent and severity of the involvement,
scarring may develop. The scars may be of the small pitted varioliform variety
or appear as large, smooth, depressed and atrophic areas. Older lesions, par-
ticularly on the hands, elbows, and knees, may have a distinctly verrucoid
appearance.
While 36 cases of lipoid proteinosis are recorded in the literature, only a few
have been subjected to intensive study of the circulating and tissue lipids.
Erich Urbach (2) reported the first intensive laboratory investigation of the tissue
deposit and concluded that the material was a phospholipoprotein, probably
lecithin. Ramos e Silva (3) and de Souza and Luiz Dias PatrIcio (4) repeated sev-
eral of the pertinent tests used by Urbach and agreed with his findings and
conclusions. No cholesterol or cholesterol esters were found by these investigators,
although Sulzberger (5) reported the occurrence of free cholesterol in the in-
volved skin of his case.
It is generally admitted that the histochemical methods available for the
identification of lipids are not entirely reliable (6). Direct chemical analysis
might be expected to give a more definitive identification of the infiltrating
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material responsible for these lesions, but this has not been the case. Montgomery
and Havens (7) and Ramos e Silva (3) reported an increase in the proportion of
phospholipids in the involved as compared to the normal skin; Montgomery
noted an increase of the lecithin fraction in one instance. Wile and his co-workers
(8) found a normal percentage of both cholesterol and phospholipids, Price, La
Rosa and Settle (9) observed a decrease in the phospholipids and a slight increase
in cholesterol. de Souza and Luiz Dias PatrIcio (4) found both cholesterol and
phospholipids elevated with a reduction in the lecithin component.
When a patient presenting the classical clinical triad of lipoid proteinosis,
(hoarseness and nodular infiltrations of the skin and mucous membranes), was
referred to the Dermatology Department of the Hospital of the University of
Pennsylvania, it was felt that repeating and augmenting the laboratory studies
previously performed might develop further information relevant to the nature
of this dermatosis. In particular we wished to investigate the assertion that the
lipoidal substance found in the tissues is a phospholipoprotein. The purpose of
the present paper is to report the results of histochemical investigation of the
deposit in the dermal tissue of our patient. These results lead us to suggest that
the lipoidal material, at least in our case, may not be phospholipoprotein, but
rather glycolipoprotein, possibly kerasin. *
Case Report: F. J. P., a 26 year old white American of Czech extraction was first seen
in December of 1953 following a routine pre-employment physical examination.
The family history revealed the presence of diabetes mellitus in his mother and maternal
grandparent and the presence of mild gall bladder disease in his father. The only sibling,
a sister, is living and well.
The past history revealed the usual childhood diseases and frequent upper respiratory
infections. An attack of whooping cough in infancy was complicated by serious almost
fatal respiratory difficulty. There were no other serious illnesses and the patient served
in the United States Navy without difficulty.
The history of the present illness indicates that the patient has been severely hoarse
as long as he can remember, but except for the episode of whooping cough, there has been
no particular respiratory difficulty and no difficulty in swallowing. A patch of white hair
(poliosis) on the right temple and right upper third of eyebrows has been present as long
as he can remember. Verrucous pearly nodules along the margins of the eyelid appeared in
infancy. Soft brownish nodules developed over both elbows in 1949, gradually increased
in number and size and coalesced to form the present masses. Similar nodules appeared on
the hairy skin of the axillary vault in 1951. The patient was told that he had "Acne" in
adolescence, and acneiform scarring appeared on the cheeks; at no time were any pustules
or comedones noted. He was unaware of any mucosal lesions. Except for occasional irrita-
tion of the subaxillary nodules in hot or moist weather, the lesions have been asymptomatic.
The patient is a well developed and nourished white young adult male, with a markedly
hoarse, low pitched voice. Aside from the cutaneous manifestations, the general physical
examination discloses no other abnormalities.
The skin in general is somewhat dry and of poor elasticity. A 3 cm. patch of hair of the
right temple and the outer third of the right eyebrow shows poliosis. A linear string of
warty, pearly nodules, each almost hemispheric in shape, completely covers the tarsal
margin along the upper and lower borders of both eyelids. The skin of the face shows acnei-
* Analysis of the blood and serum lipids revealed a normal profile and will be reported
in detail with other data in a separate presentation by Dr. Frederick Urbach.
FIG. 1. Showing nodular involvement of frenulum of tongue
FIG. 2. Showing nodular eruption along margins of eyelids
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Flo. 3. Showing papular eruption of the axilla
form pitting of the cheek areas. Hair growth in the bearded areas appears normal. Trans-
versely arranged along the lines of cleavage of the axillary vault are linear aggregates of
soft brownish nodules with flat, moist keratin covered surfaces and almost confluent bases.
These embed the axillary hair. Over the extensor surfaces of both elbows are elevated, flat
plaques formed by confluent dirty brown appearing flat-topped papules. The surface is
dry, somewhat adherent, whitish scale. Some isolated papules are seen along the upper
third of the extensor surfaces of the forearms. The general arrangement of plaques and
the downward extension of single lesions resembles that often seen in psoriasis or xanthoma
tuberosum, but the remainder of the skin, including the perianal area appears normal
except for some follicular plugging and accentuation over the patellae.
The most striking changes are seen in the mucous membranes of the mouth. The upper
and lower lips are swollen and protrude. The vermilion border of the lower lip is covered
with whitish patches and radiating furrows which palpation indicates to be due to deep
infiltrates. The tongue is somewhat thickened, firmer than normal and shows less than
the usual number of papillae. The entire surface is whitish and firm with deep longitudinal
grooves anteriorly. The frenulum is markedly infiltrated with a whitish yellow mass ar-
ranged in streaks along the sublingual arterial and venous plexuses. The posterior buccal
mucosa, the soft palate and the tonsillar pillars are studded with small, semitranslucent,
whitish-gray nodules which appear confluent and form a solid white mass along the posterior
faucial pillars and the posterior pharyngeal wall. The vocal cords are whitish, markedly
thickened and irregularity prevents complete apposition.
Laboratory studies including urinalysis, complete blood count, glucose tolerance test
and determination of the fasting blood sugar, serum proteins, serum cholesterol and cho-
lesterol esters, serum lipid phosphorus, total serum lipids, serum fatty acids, lipoproteins
p
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(by ultra centrifugation) and serum electrophoresis all revealed values within normal
limits. The electrocardiogram, and roentgen-ray survey of the chest and bones revealed
no abnormality.
Lesions were removed from both the left elbow and right axilla and the clinical diagnosis
of lipoid proteinosis was confirmed by histologic examination. The routine hematoxylin
and eosin stained section reveals an irregular moderately hyperkeratotic surface. The
remainder of the epithelium, except for some vacuolizat.ion of the rete cells, appears normal.
The pathology is largely confined to the upper third of the corium where the connective
tissue is replaced by an amorphous pink staining hyalin-like material arranged in thick
wavy strands or bundles which shows a general tendency to run at right angles to the
surface of the skin. Thick mantles of this material are seen about the blood vessels. Where
the infiltrate of amorphous material is most dense, its continuity is interrupted by spaces
or clefts.
Table 1 presents a summary of our findings and compares them with those
of Erich IJrbach (2), Ramos e Silva (3), and de Souza and Luiz Dias PatrIcio (4).
OBSERVATIONS
Tissue obtained by biopsy, frozen, sectioned, and stained with Sudan IV dye,
revealed in addition to the bright orange neutral fat of the sebaceous glands and
follicles, a dark reddish orange color in the infiltrated areas similar to that de-
scribed by previous investigators (2, 3, 4, 5, 7, 9, 13). Alternate sections stained
with Sudan Black B, a procedure not previously reported, revealed black de-
posits. These had a similar distribution, but in each instance more material ap-
peared to be stained than was observed with the orange Sudan dye.
With Nile Blue Sulfate a deep blue color is seen in the infiltrated area with
pink material noted in the mantle-like deposits about the blood vessels. This
corresponds to the observation of Ramos e Silva (3). In addition, Cain's technic
with Nile Blue Sulfate (10) for the identification of lecithin was performed with
negative results.
Tissue fixed in weak Bouin's fixative and processed according to Baker's Pyri-
dine Extraction Method (11) was sectioned and no stain was obtained when these
sections were submitted to Sudan IV and Sudan Black B dyes and to the Acid
Hematein Method of Baker (11). An absence of staining was also noted on unex-
tracted formol-calcium fixed, dichromated tissue treated by the Baker Acid
Hematein Method.
Examination of tissue for cholesterol by polarized light failed to reveal any
birefringent material. Application of the Schultz method showed no staining.
The thionine stain for phosphatides and cerebrosides was negative.
The Periodic Acid-Schiff and the Performic Acid-Schiff (6) reactions showed
a bright red coloration of the infiltrate.
In addition to the Baker Extraction, a Keilig (6) type of extraction was run.
With this method cold acetone removed a slight and questionable amount of the
sudanophilic material, and hot acetone removed all the sudanophilic material.
No further change was noted after performing the final steps of this extraction
technic with hot ether and hot chloroform methanol.
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Fio. 4. Showing amorphous material infiltrating the papillae and upper third of the
dermis Paraffin-H & E. Mag. 52 X.
Fro. 5. Showing amorphous material staining darkly with the Periodic Acid-Schiff
reagent. Mag. 52 X.
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FIG. 6. Showing failure of amorphous material to stain with the acid hematein method
of Baker. Mag. 52 X.
DISCUSSION
It is felt that further investigation of the lesions of lipoid proteinosis is indi-
cated before unequivocally accepting the disease as due to the deposition of a
lipophosphoproteiri in the tissue. Chemical analysis of involved skin and mucous
membranes, as reported by a number of investigators (4, 7, 8, 9), has failed to
show any consistent significant rise in the phospholipoprotein component when
compared with normal skin. Indeed, decreased amounts were reported by Price
and his co-workers (9). A similar situation exists in regard to the cholesterol and
lecithin fractions. Serum lipid determinations are generally within normal limits,
but here again both increase and decrease in the various lipid fractions have
been described.
Histochemical tests have apparently produced the most consistent results.
However, no satisfactory histochemical technic exists for distinguishing the
fatty acids and no absolute distinction is possible between the phospholipids and
glycolipids (6). Previous investigators have identified the lipoidal deposit in lipoid
proteinosis as a phospholipoprotein on the basis of solubility tests and the Smith-
Dietrich or Ciaccio technics. However, not only phospholipids, but also
galactolipids will give a positive reaction with the Smith-Dietrich and Ciaccio
technics. Our results with Sudan Black B and the Performic Acid-Schiff reaction
merely confirm the presence of either phospholipoprotein or galactolipidoprotein.
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The interpretation of a positive Sudan Black B stain for these substances is a
subjective one based on the comparison of the amount of sudanophilic material
present in alternate serial sections stained with Sudan IV and Sudan Black B.
The Sudan Black Dye is more soluble in the phospholipids and cerebrosides
(galactolipid) than is the Sudan IV dye, and will indicate the presence of these
lipids by showing greater affinity for, and staining of, the lipoidal deposit (14).
The Performic Acid-Schiff reaction as described by Lillie in 1952 (6) is con-
sidered specific for the ethylene groups (HC=CH) of the unsaturated lipids.
Structures staining red may be regarded as phospholipids or cerebrosides.
Thionine gives a metachromatic stain to tissues containing phospholipids or
galactolipids (6). Our thionine stain showed no metachromasia. We feel that this
was due either to the poor quality of our dye or to the general unreliability of
thionine as a stain.
By the addition of the use of Sudan Black B and the Performic Acid-Schiff
reaction we have confirmed the presence of a material previously identified as a
phospholipoprotein by the Smith-Dietrich and Ciaccio technics. However,
Baker (1946) described a method for the identification of phospholipids by
which formol-calcium fixed tissue is chromed and stained with acid hematein.
The procedure must be controlled by use of Baker's Pyridine Extraction test
which removes all lipids. A positive reaction or blue color with the acid hematein
stain must be accompanied by a negative acid hematein reaction after pyridine
extraction. In the absence of such a negative reaction after extraction, any blue
or blue-black stained material is not phospholipin.
Baker (12) tested the reaction of purified galactolipins with acid hematein
and obtained a negative result and concluded that the test was therefore specific
for phospholipids. Cain (10) also concluded that the acid hematein was specific
for phospholipids provided that the technic was carefully adhered to, and pro-
vided that only a definite positive result was considered significant. Furthermore,
Pease states that the acid hematein method has supplanted the Smith-Dietrich
method and that for histochemical determinations the Ciaccio technic is obsolete
(6). With this in mind, we applied the acid hematein method to our tissue, an-
ticipating a confirmatory positive test for phospholipid. The reaction was nega-
tive and was negative on two examinations of another portion of the same biopsy
specimen and on a second specimen obtained at a later date. This suggests the
possibility that the sudanophilic material is a cerebroside.
The results obtained with the Keilig extraction also casts some doubt on the
phospholipid nature of the deposit. All sudanophilic material was removed in the
second stage of the extraction with hot acetone. This extraction is said to re-
move the cerebrosides and ketosteroids, leaving the lecithins and kephalins to be
removed in the third stage of the extraction with hot ether.
CONCLUSIONS
1. The material deposited in the dermal tissue in lipoid proteinosis is su-
danophilic and lipid in character.
2. The Smith-Dietrich, Ciaccio and solubility tests performed by previous
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investigators indicate that this lipid material consists of phospholipids or galac-
tolipid.
3. The Performic Acid-Schiff reaction and the application of Sudan Black B
to our tissue confirms the presence of phospholipids or galactolipids.
4. The Baker Extraction Test combined with the Baker Acid Hematein
method and the results of the Keilig extraction test, suggest that the deposit in
our case of lipoid proteinosis may be a galactolipid.
The authors are indebted to Dr. Walter Vernon and the Medical Department of RCA
Victor Company for permission to study this patient, and Dr. John C. Reinhold of the
Pepper Laboratory of the Hospital of the University of Pennsylvania for performing the
serum chemical studies.
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DISCUSSION
DR. HERBERT MESCON (Boston, Mass.): I think the authors must certainly be
congratulated for using these laboratory methods as a means of getting at the
basic underlying abnormality.
I would like to question Dr. Margaret Gray Wood. Does not the positive
formic acid Schiff and periodic acid Schiff test tend to incriminate a galacto-
lipid? I didn't know how definite you were on that.
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DR. STEPHEN ROTHMAN (Chicago, Ill.): At the University of Chicago, we have
observed two patients with lipoid proteinosis for several years. In one case we
obtained a large nodule for chemical analysis. To split the lipoproteins, we had
to hydrolyze the tissue with strong acid and thereby we decomposed the lipid
material also. But the phosphorous content of the ether-soluble rest could be
estimated and this was in the range of that of phospholipids. One of our patients
had malignant hypertension and I wonder if this has been only coincidental or
related to the lipid storage. We did not find any sign of systemic disturbance of
lipid metabolism (see TOMPKINS, J. AND WEINSTEIN, I. M., Ann. Internal Med.,
41: 163, 1954). Both of our patients have greatly improved subjectively, and in
their hoarseness also objectively, after administration of lipocaic, a pancreatic
enzyme with remarkable lipotropic effects, first isolated by Lester Dragstedt at
our school. Lipocaic is now not available but therapeutic trial with other lipo-
tropic substances would be worth while.
DR. MARGARET GRAY Wood (in closing): There is no doubt that a number of
cases have been reported in a few of which the phosphorus was elevated; but
also other cases have been reported in which it is depressed or normal. It is this
disparity that led us to this investigation. We did not do direct chemical anal-
ysis of tissue. Dr. Fred Urbach did determinations of the lipids in the serum
and blood and found them normal.
